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PRELIMINARY RESULIS OF A STUDY OF
12 OXIDATION-RESISTANT COATINGS FOR

3

Co-10Ti~5Zr COLUMBIUM-ALLOY SHEET

INTRODUCTION

In conjunction with development of concepts for thermal protection
systems of structures for aerospace vehicles, the Langley Research Center
of +he National Aeronautics and Space Administration has conducted research
on the protective qualities of oxidation resistant coatings for refractory
metals. This research on coatings also included the effects of the coatings
on the mechanicel properties of the metals and the phenomena involved in
oxidation protection and diffusion between coating and substrate. Preliminary
results of these studies on molybdenum—alloy sheet were presented at the Sixth
and Seventh Meetiﬁgs of the Refractory Composites Working Group and more
complete results are presented in references 1 and 2.

The cdata presented here are the preliminary results of an investigation
of 12 oxidation resistant coatings on Cb-10Ti~5Zr columbium—-alloy sheet.
This study consists of screening tests which include continuous and cyclic
oxidation tests at atmospheric pressure in slowly flowing air at 2000°F,
EQQOOF, and 27OOOF and tensile stress—strain tests at room temperature, 2000°F
and 2k00°F. Other tests planned are continuous and cyclic oxidation tests

25 reduced pressures and cyclic oxidation tests at various mass flows in a

2.3 megawatt arc jet facility.
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In addition to the results of the preliminary screening tests, this
report will indicate some diffusion effects for several of the coatings.
More complete tensile data for temperatures from room temperature to

OOOOF, are presented for sheet coated with one of the coatings.-

(W3]

SPECDMaNS, EQUIPMENT AND PROCEDURES

All specimens utilized in this study were fabricated from annealed
coiumpiwm alloy sheet wiﬁh a noninal thickness of 0.020 inch. The nominal
conpesition of the sheet was 10 peréent titanium, 5 percent zirconium and
the remainder columbium, by weight. The specimens were small oxidation
cougons 3/4 inch by 1=-1/2 inch and tensile strips 41/8 inch by 5/8 inch
with & 2=inch reduced Section Q.375 inch wide. The specimens were machined
to size, tumbled in dxy silicon carbide powder until the edges were rounded
to & smooth radius, washed in acetone and shipped té the coating vendors.

A wotal of 12 coatings were received from 9 vendors. Coating identificafions
are listed in table I.

Oxidation tests were conducted in 2 inch diameter vertical tube furnaces
in eir flowing at 1.5 cubic feet per hour. The dewpoint of the air was
maintained below O°F. Specimens were supported in zircon boats suspended with
platinum wires. Continuous oxidation tests were performed using the weighing
syssent described in reference 1. In the cyelic oxidation tests the specimens
were inserted into the furnace and approximately 95 percent of the test
terperature was achieved within 30 seconds. After one hour at temperature,
the svecimens were removed, weighed and visually inspected before the cycle

was repeated.
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Room temperature tensile tests were made in a hydraulic testing
machine at nominal strain rates of 0.005 per minute to yield and 0.050
per wimite from yield to failure. Strains were measured using optical
strain gages which were read wﬁile the strain rate was maintained.

Elsvated temperature tensile tests were performed in a screw type
machine at the same strain rates oreviously noted. High temperature strain
was measured by monitoring head mot;on, which was calibrated before each
test to give a direct indication of specimen strain. Specimens were heated
by resistance heating. Temperatures were measured using an optical pyrometer
at a wave length of 0.65 microns. All temperatures reported for the tensile
tests have been corrected for an assumed coating emittance of 0.8.

Phase identifications of the exterior surfaces of the coated specimens
were nade by X—ray diffraction methods. Metallurgical procedures were similar
to those reported in reference 2. fhe etchant utilized in this investigation
consisted of 10 parts niﬁric acid; 1C parts hydrofluoric acid and 30 parts
Jactic acid.

RESULTS AND DISCUSSION

Screeninz tests: A study of the weight changes occuring during the continuous

oxidation tests indicated that significant coating deterioration due to

Cv,0,. formation was associated with a weight gain of approximately 5 percent
<

5
in the coupons. The times required to obtain 5 percent weight gain at 2000°F,
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QAOOOF, and 2700°F are shown in figure 1 for the coatings investigated.

+3

ests were terminated if 5 percent weight gain was not attained in 220
hours. The variation in life amoﬁg the coatings studied is substantial.
Figure 1 also indicates that mést of the coatings that‘h;d long lives at
the lower test temperature retained relatively long lives at the higher
test temperatures.

Formation of Cb205 at failed rggions caused the coating to spall off
the specimens along the edges. This was the mechanism of failure for all
specimens in the cyclic oxidation tests. These edge failures were easily
detactable by visual inspection. e
Times to visual coating failure at 2000°F, 2400°F and 2700°F are shown in
figure 2. Again, tests were terminated after 220 hqurs if failure had not
cccurred. The reduction in life obtained in the cyclic tests was considerably

legs than thet obtained for molybienum alloy with & silicide-base coating,

noted in reference 1. As noted herein for the continuous tests, the coatings

that showed longest lives at 2000°F in the cyclic tests also performed similarily

in the 2400°F cyclic tests. Lifetimes in the cyclic tests at 2700°F were
gererally short for all the coatings investigated.

Soonm temperature tensile properties are shown in figure 3 for the
specimens in the as—coated condition and after 1 and 8 hour exposures in air
at 2400°F. Coafings which failed by oxidation during the exposures are
indicated by zero tensile strength in figure 3. Several coatings which

provided relatively long lives for the columbium alloy specimens (figures 1
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<gonod oubrittliing effect on the subsirate indicated by a low value

o

Tigure 3.

orn in

| . . L. v o
Leosiic preserties for coated columbium alloy sheet at 2000°F and

l

cre shown in ficure 4

or each of the coatings investigated. At

)

So0u & the coated specinens exnibited tensile strengths from 22 to 45

e ; , . o . ,
fel itk clorgations of O to 28 percent. At 24OOF the tensile strength

ootk coated specimens ranged from 11 to 19 ksi with elongations of 4 to

S5 o ceaving 12 A more comprehensive study of the variation

o wisise sroverties with tempersture for the columbium alloy sheet with
Lnp o2 wes made and the results are shown in figures 5, 6, and 7.
Sioven 5ouscoents tensile data at room termperature and at temperatures
T LE2LTL s R000°F. The relatively low value of élongation obtained at

o N

Tor tue columbium alloy in this study is in agreement with low values

! . . oL s - , . . Q. .
1 Soornesed in other publiished data for columbium alloys in the 1200°F to
toopersiure range.  The presence of the coating generzlly decreases
Slloodxvt o0 2longation cotained in the tensile tests. The low value of

probably the result of the resistance

, . . s , Op .
0 vecanioues used in this study. At 25007F the coated columbium—-alloy

zilwliod ghort time tensile strongth of approximately 10 ksi with

Coremimnucly 2¢ percent elongation.

<a

coated columbium alloy

various exposure times

P, After 20 hours =xnosuce at 2500°F the coated sheet had
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voo Lenpesacure tensile strengih of O3 ksi with 3 percent elongation and

sansile strengtn of 16 xsi with 16 percent elongation. However,

N

L , oL , . .
Joours cxoosure at 25007F the coated columbium alloy had zero

crrexinetion of the factors which contribute to the brittleness of

¢ricl Is in progress. As will ve noted subsequently, only & slight

e et O, . o,
sudsitrate thickness with time at temperatures from 2000 F to 27007 F

srved for the columbium alloy with coating 12. This indicates that

riviicment encounvered will not be detected by ordinary metallograpnic

sher of etehed, sectloned specimens. In addition, preliminary micro—

o uroverses did not reveal definitive information. For these reasons,

surs onet mechanical tests are regquired to determine embrittling effects

coated columbiuvm alloye.

soor o oond Didfusiond The micrestructure of the columbium alloy sheet

cné atter coating with several of the ceatings investigated
> ()

oo Siss oo In comsidering these microstructures, recell that the

>

£

Looded sozoy exhivited 30 percont clengzetion at room temperature wheress

ooLheen wlss coatings 2, 6, 11, and 12 at room temmerature exnibited

oovaiues of G, 2, 1k, ard Is percent, respectively. It is evident

the crance of relatively heooawy concentrations of
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precipitates in the structure is not an automatic indication that the
structure has been severely embrittled. The composition of the
precipitates appears to be of significance but has not been determined
to date. Studies of these preéipitates by electron préb; microanalysis
and vacuum fusion analysis are in progress at the Langley Research Center.

The magnitude of substrate thickness loss by diffusion as measured by
optical technigues on sectiéned, etghed specimens is indicated in figure 9
for several of the coatings investigéted at 2400°F and in figure 10 for
coaﬁing 12 at QMOOOF, QSOObF, and 2700°F. These data are of general intereét.
However, as was noted in the preceeding section, the loss of substrate in
the coated columbium~alloy sheet is one of several effects that apparently
influence the ductility of the coiumbium—-alloy shee@.

CONCLUDING REMARKS

The following conclusions are made on the basis of the preliminary data
presented here for coated Cb-1l0Ti~5Zr columbium—~alloy sheet with respect to
its possible usefulness in aerospace vchicles:

(1) Useful oxidation lifetimes aad tensile properties can be retained
oy coated columbium allby sheet for applicationsin thermal protection systems
up to 2500°F.

(2) Satisfactory meéhanical properties were obtained for coated
columbium alloy sheet after high temperature exposure in air for moderate
times. For example, tensile strength of 82 ksi with 3 percent elongation
was found at room temperature after 20 hours exposure at 2500°F. However,

OF)-

after 80 hours exposure at 2500 the coated columbium alloy had zero

eiongation.

O
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(3) Ordinary metallographic examination does not reveal the extent
of the embrittlement encountered during the coating process or subsequent,
elevated temperature exposures. Mechanical tests appear necessary to
nezsure the extent of the embrittlement. B
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Electronics Co.,
Sylcor

tion;first cycle
titanium; second

cycle silicon

‘& -
TABLE I - IDENTIFICATIONS OF
COATINGS INVESTIGATED FOR A
COLUMBIUM ALIOY SHEET (a)
Cozting Supplier, Designation Coating Method of Application | Predominent
Designatiion ' Thickness, o Composition
'Inch of Coating
_ . Surface (b) .
1 American Machine and 0.0015 2 cycle pack Cb B“ N o
Foundry Co., AMF cenentation 2
Kote 3 .
2 American Machine and 0.0031 3 cycle pack Cb 32
Foundry Co., AMF ~ cementation
te 30 »

3 Chance Vought Corp. - 0.0020 2 cycle pack Cb 812
cementation; ‘
first cycle silicon;
second cycle chromium—

. _{.poron
i Boeing Co., 0.0015 1 cycle fluidized Cb Si2
Disil 1 bed
5 Boeing Co., 0.0015 1 cycle fluidized Cb Si,, Sic (e)
Disil 2 ’ SiC overlay on 1 side
m%‘ o “Dubghénbo., 0;6616 First cycle vapor -~Cb Sigm
' deposited
1 titanium-chromium; cr 81 ()
second cycle fluidized 2
bed modified silicide
7 Dupcns Co., 0.0008 First cycle vapor Cb Siy
. deposited
2 titanium-chromivmg
second cyecle fluidized]
bed modified silicide
8 General Telephone and 0.0034 2 cycle pack cementa~ | Cb 5i,
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General Technologies
Corp.

-2

0.002k

3 cycle pack cementation;
first cycle chromium—-
titanium; second and third
cycles silicon, carbon,
carbon, tantalum

Cb Si_

Cr Si

(d)

North American Aviation,
Inc.

'0.0013

1 cycle aluminide

Al_Cb

Praudler Co.

0.0031

1 cycle pack
cementation;
alloyed silicide

Cb Si

TAPCO

0.0020

-

2 cycle pack
cementation;

Tirst cycle
prealloyed
chromium—titanium;

Cb Si
Cr Si

(a)

second cycle silicon

(a) A1l coatings were applied on 0.020 inch-thick D-36
columbium—alloy sheet (Cb ~10Ti~5%r)

(b) Identified by X-ray diffraction procedures

(c) Thin layer of SiC

over CbSi
2

(d) Solid solution of the compounds
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